BELLCOMM, INC.
1100 Seventeenth Street, NW.  Washington, D. C. 20036

FF No. 602{A)

suplec: Apollo Circult Breakers as Ignition pATE: September 11, 1968
Sources - Case 320

FROM: W. H. Hodge

MEMORANDUM FOR FILE

Attached are copies of vu-graphs (Attachment 1) used
in a presentation to the Apollo Program Office during the regular
morning meeting on 3 September. The purpose of the presentation
was to outline considerations leading to the conclusion that the
Apollo circuit breakers are not likely ignition sources.

It was pointed out that the extensive testing hilstory
of the breakers without indications of trouble in this area support
our conclusion. The Apollo breakers are essentially envirconmentally-
sealed versions of breakers designed by the vendor, Mechanical )
Products, Inc., to Military Specification C~5809. To support that
design, the breakers had been subjected by Mechanical Products to
severe overloads (e.g., 6000 amps interrupted by 5 amp breakers)
and to explosion-proof testing in mixtures of air and aviation
gasoline. That testing, plus testing to the Apollo procurement
spec (common-use by GAEC and NR) and subsequent testing by MSC
at 600% overload (i.e., rupture current) in 14.7 psia pure oxygen,
leads to the conclusion that the breakers used in both the Command
Module and the Lunar Module can safely contain a rapid energy release
and can safely interrupt severe overloads. The Apollo Spacecraft
Program Office at MSC, with whom we have worked on this problem,
has reached the same conclusion. Their position has recently been
outlined in a letter (Attachment 2) from the Spacecraft Program Man-

ager to the Apollo Program Manager. };;///
%)l 7

2031-WHH-tfb W. H. Hodge
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Attachment 2

l\,li(,nr.» FERCHALTICS ARD SPACE ADIINISTRATION
MANNED SPACECRAFT CEHTER

Fouston, Tovas 77058

‘ IN REPLY RUFER TO: PD’+/I»853-—68-PA R 12 1568
} .
) TO : NASA FKeadquarters
: Attention: It. Gonnral Samuel C. Pth]Jps MA
FROM : Manager, Apollo Spacecraft Provr 1
g/s SUBJECT: m&Sblnb to exempt circuit breakers as ignition sources

This lotter is 1n response to your question concerning whether the
: circult breakers used on the Apollo spacecraft represent ignition
son.rCes.” :

There is a considerable amouvnt of data related to this subjJecl as
generated by Mechanlcal Products Incorporated, the maaulacturers,
in meeting military specificalion requirements and the Nerth

id

E : American Rockwell Corporation procurement specification reguire-

] ments. Two types of circuiv breakers were tested in generating

E: ; . . : .

4 these data: (1) a nonenvironuentally sceled breaker, the comnercizl

2
or military version, and (2) an envirormentally sealed circuil breaker,
the Apollo spacescrall version. The implementation of the an VTYOﬁLdLua]

seal results In the sealing of all arcas of the circuit breaker, excapt
for a portion of the operating shaft and the lerminals., Tis shalt seal

Pl 54

is metal-to-metal using two piston ring type seals. Since the wmilitary,
or unsealed, version has undergone considerable testing with no problems,

we consider these data applicable 1o the Apollo spacccraft circuit

b

breaker. .
1 The military version of this circuit breaker has been repeatedly
i CXPIOuloﬂ“plOOL iested in accordance with military specification
3 MII-C-5509C. and D as specified by MII~E-5272C, Procedure 1, or
] MIL-STD-810. The circuit breaker has pauued this testing cn all

occasijons. As recently as the Tall of 1967, this circuit breaker

was tested in accordance with MIL-C-5809D. During this testing,

51 circuit breakers were subjected to the rupture test and 8 cir-

3 cuit breakers were subjected to the explosion-prool test. A1l of

: the circuit breakers passed thesc tests. The data frowm this latter
test have been transmitted to Mr. William H. Hodge, MAS, under separatie
cover,
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The Apollo spacecraft version of this circuit breaker has also had a
considerable amount of testing performed on it.

In the basic qualification testing, the Apollo Spacecraflt Progranm
Office did accept tesling accouplished on the military version in
satisfying the explosicn-proof requiremesnt. The Apollo spacecraft
version was subjected to rupture testinzg. The test was accomplished
in a 100% oxygen, S psia almospheve. A number of circuit bresakers
were subjected to currenls that were 600% of circuit breaker rating..
After the test, thc circuit breakers were examined for evideace of
rupture, explosion, fire, or sustained arcing. All of the circuit
breakers pussed this test.

Vhile accomplishing the Block I wire/cﬁrﬂuit bresker compatibility
study, 45 circuit breakers werc forced to operate 275 times in a
1005 oxygen, 5 psia atmosphere at various loads. DMNone of these
breakers exhibited any evideace of rupture, explosion, Tire, or
sustained arcing. After the testing, the circuit breskers were
checked for calibration and found to be acceptable. Again, these
data bave been transmitled to Mr. William H. Hodge, MAS, under
separate cover.

.
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The above described tesis wvere all conducled either is r, rupture
testing on the military version; a fuel rich environment, explosion-
proof testing on the military and Apollo testing; or a reduced pres-
sure oxygen rich environment, rupture, and compatibility testing

on the Apcllo version.
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sure

MSC conducted tests in June 1968, to zcquire dzta in a high pressur
er reuit

100% oxygen enviroament. Two test panels with three 10 aw
breakers mourtted on each were placed in an altitude cheamber. The
chamber was evacuated to less than 0.5 1 lg and this pressure was.
maintained for six hours minbmum. The chanber was back-filled with
95% oxygen to a pressure of 1.7 psia an€ the circult breakers were
allovwed to sosk at this pressure for six hours minimum. The circuit

5
2 C

*cj

_breakers vere uubgected to 115% of rated currenl for L5 minutes and

then the current was increased to 600%. ALL circuit breckers tripped
nonminally with no explosion, rupture, or fire. The circuit breskers
were then subjected to normal electrical acceptance tests and all passed

The Apollo Spacecraft Program Office Teels that the accunulated testiag

is sufficient to eliminate the-circuit breaker as a potential ignition
source,
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